###### Strengths and limitations of this study

-   The Victorian Adolescent Health Cohort Study is a 20-year Australian longitudinal study of adolescent development.

-   The study has maintained a high retention.

-   It provides unique prospective data on a broad range of adolescent health risk behaviours.

-   It has followed participants into adulthood, including detailed assessment of alcohol and drug use.

-   Non-response is often associated with more extreme behaviours, such as alcohol and drug use, and can introduce bias in estimates of association. We correct for this by imputing missing data using the methods of multiple imputation.

-   The 1-week reference period for reporting alcohol use will not necessarily capture the full extent of drinking in this age group. This means that estimates provided are likely to be conservative in some cases.

-   Analyses are based on self-report; however, there is reasonable evidence to show that self-reports are reliable and valid when made in a confidential setting. Participants were assured of confidentiality without consequence for disclosure.

Alcohol dependence and abuse continue to be major contributors to the total burden of disease, with consequences extending beyond health to social and economic outcomes.[@R1] Alcohol use commonly begins in adolescence with drinkers being at higher risk of later alcohol use disorders (AUDs) than their non-drinking adolescent peers.[@R4] Recent decades have seen the rise of adolescent drinking in many countries, with secular trends towards earlier ages of alcohol initiation.[@R4] [@R5] This has focused interest in public health and clinical interventions in adolescents as a means of reducing risk of AUDs.

There is now considerable evidence showing continuity of teen drinking into young adulthood and later adult life, including progression to alcohol dependence in adulthood.[@R6] However, most research has focused on a particular drinking style (eg, binge drinking), which precludes comparison of the diversity of ways in which young people use alcohol.[@R7] AUDs have likewise been measured infrequently and prior to peak age of onset in the mid-20s,[@R7] [@R8] which raises questions about whether AUD in this period has been well enough characterised. Greater clarity around which patterns of teen alcohol use are most prognostic of later AUD diagnoses has considerable potential to enhance targeting of preventive intervention; however, cohort studies that cross the transition from adolescence to young adulthood remain scant.

One study with rich developmental data on alcohol use in a cohort of around 2000 young Australians followed across 9 waves from adolescence to young adulthood is the Victorian Adolescent Health Cohort Study (VAHCS). Detailed assessments of alcohol use were taken at 6 monthly intervals across the teens (6 waves) and at 3 yearly intervals across the 20s (3 waves). Adolescent data provide a unique opportunity to define a range of common teen drinking styles (eg, frequent drinking, binge drinking, heavy binge drinking and loss of control over drinking). Clinical assessments of AUD in young adulthood provide an opportunity to examine risk relationships before, during and after their peak age of onset across the 20s.

Findings already published from VAHCS have identified frequent teen drinking and antisocial behaviour as key predictors of AUDs at 21 years of age.[@R10] In this study, we extend our investigations to include other teen drinking styles, and across three young adult waves covering the 20s. Specifically, we examined the extent to which four common teen drinking styles---frequent drinking, binge drinking, heavy binge drinking and loss of control over drinking---predict AUD diagnoses in young adulthood; and whether risks differ by gender and age of AUD diagnosis in young adulthood.

Methods {#s1}
=======

Sample recruitment and procedure {#s1a}
--------------------------------

Data were drawn from a nine wave population-based longitudinal study of 2032 adolescents followed from puberty to adulthood (VAHCS). Data collection protocols were approved by the Human Research Ethics Committee of the Royal Children\'s Hospital. The VAHCS sample was selected with a two-stage cluster sampling procedure. At the first stage, 44 Government, independent and Catholic schools were chosen to represent each school stratum in the state of Victoria. At the second stage, a single intact year 9 class (aged 14--15 years) was randomly selected from each school to constitute the wave 1 sample (n=1037). School retention rates to year 9 in 1992 were 98%, ensuring a close-to-representative sampling frame. Six months later, when the study population moved into year 10 (aged 15--16 years), a second intact class from each participating school was selected at random, giving a total intended sample of 2032 (wave 2).

Participants were then interviewed at 6-month intervals during their teenage years (waves 3--6), and were followed up at three time points in young adulthood: age 20.7 (wave 7), 24.1 (wave 8) and 29.1 years (wave 9) (see [figure 1)](#BMJOPEN2015010455F1){ref-type="fig"}. From a total sample of 2032 students, 1943 (95.6%) participated at least once during the first six (adolescent) waves; of these, 1760 (53% female) participated in at least one adult wave. By the end of wave 9, 15 participants were known to have died, 108 were lost to follow-up and 319 refused participation. In this paper, we have only used adolescent data from waves 2 to 6, as by design around half of the adolescents did not participate in wave 1.

![Sampling and ascertainment in the Victorian Adolescent Health Cohort (est 1992).](bmjopen2015010455f01){#BMJOPEN2015010455F1}

Measures {#s2}
========

Adult AUD (waves 7, 8 and 9) {#s2a}
----------------------------

AUDs were defined by meeting criteria for alcohol abuse or dependence.[@R13] This was based on a comprehensive review showing that (1) the two criterion sets do not differ in prevalence, severity or age of onset and (2) the 11 AUD criteria can be best modelled as a single dimension rather than as two dimensions.[@R16] Abuse and dependence were classified using the Composite International Diagnostic Interview (CIDI).[@R17] The CIDI is a structured diagnostic interview designed for use by non-clinical professionals, based on Diagnostic and Statistical Manual of Mental Disorders (DSM) IV (1994) criteria. The CIDI is the most widely used interview in large epidemiological studies and CIDI assessments have been shown to have adequate inter-rate reliability and test--retest reliability.[@R18] [@R19] The CIDI was only administered to participants who reported consuming more than 11 standard drinks in the past 12 months.

*Alcohol abuse* was defined by meeting at least one of the following criteria: recurrent alcohol use resulting in failure to fulfil major obligations at work, school or home; recurrent alcohol use in situations where it is physically hazardous; recurrent alcohol-related legal problems; and continued use despite persistent or recurrent social or interpersonal problems caused or worsened by the effects of alcohol. *Alcohol dependence* was defined by meeting at least three of the following criteria: tolerance as indicated by a need to increase amounts of alcohol in order to become intoxicated; withdrawal as indicated by physiological withdrawal symptoms; use of more alcohol or for a longer time than originally intended; a persistent desire or unsuccessful effort to cut down or control use; a great deal of time obtaining alcohol, using alcohol, or recovering from its effects; the reduction or dismissal of important social, occupational or recreational activities due to alcohol use; and continued use despite knowledge of having persistent or recurrent physical or psychological problems that are likely to have been caused or worsened by alcohol.

Teenage drinking patterns (waves 2--6) {#s2b}
--------------------------------------

At each wave, participants who reported drinking alcohol in the previous week were asked to fill in a diary that recorded all types of alcohol (eg, beer, cider, spirits, mixed drinks, wine, etc), brand names and amounts (eg, glass, can, etc) consumed on each day/occasion in the 7 days prior to the survey. The responses enabled calculations of the number of standard drink units (10 g alcohol) of alcohol consumed each day.

Four patterns of adolescent drinking were defined: *Frequent drinking* was defined at each wave as drinking on 3 or more days during the recorded diary week. Persistence of frequent drinking across adolescent waves was classified as none, one wave, or two or more waves.*Loss of control over drinking* was defined by two separate items asking respondents whether they had ever (1) found themselves unable to stop drinking; (2) consumed so much alcohol that they could not remember what had happened the night before. Response categories were no--never, yes--once and yes--more than once. At each wave, adolescents were considered to have trouble controlling their alcohol intake if they reported either behaviour more than once, or both behaviours at least once. Across adolescent waves, we identified those who reported these difficulties at no waves, at one wave and at two or more waves.*Binge drinking* was defined as having consumed five or more standard drinks on at least 1 day during the recorded diary week. Drinking was defined as having had less than five standard drinks on any 1 day. We identified the maximum level of drinking during adolescence and classified the persistence of that drinking behaviour into five categories: none (no drinking in adolescence); drinking less than five standard drinks at one wave (reference category); drinking less than five standard drinks at two or more waves; drinking more than five standard drinks at one wave and at two or more waves.*Heavy binge drinking* was defined as having consumed \>20 standard drinks for males and \>11 standard drinks for females on at least 1 day over the diary week.[@R20] Drinking was classified as male and females drinking alcohol below these gender-defined levels on any day in the diary week. After identifying the maximum level of drinking in adolescence, we created five categories of drinking behaviour: none (no drinking in adolescence); drinking at one wave (reference category) and at two or more waves; heavy binge drinking at one wave and at two or more waves.

For measures of binge and heavy binge drinking, the reference group was defined by one wave of drinking below the number of units used to classify binge drinking, as non-drinking is not a normative behaviour for Australian adolescents.

Potential confounding factors {#s2c}
-----------------------------

The unique contribution of teen drinking to later AUDs, over and above other psychosocial determinants, has not been clearly established.[@R7] Individual level factors such as teen mental disorders, personality traits (such as antisocial behaviour) and other substance use may play a significant role. Likewise, social factors including parental substance use, as well as the larger socioeconomic context of the adolescent, may raise risk for AUDs in young adulthood. Potential confounding factors selected for this analysis are listed below.

### Adolescent antisocial behaviour {#s2c1}

Antisocial behaviour was assessed at each wave using 10 items from the Self-Report Early Delinquency Scale.[@R21] Items included property damage (vandalism, car damage, making graffiti), interpersonal conflict (fighting, carrying weapons, running away from home, expulsion from school) and theft (stealing property from parents or others, stealing cars). Questions concerning alcohol or other substance use were not included. Participants were asked if they had engaged in any of these behaviours: never, once or more than once in the past 6 months. Antisocial behaviour at each wave was defined as engaging in two or more antisocial behaviours at least once or one antisocial behaviour more than once. Adolescent antisocial behaviours were then defined on three levels: no antisocial behaviour; antisocial behaviour at one wave; and antisocial behaviour on two or more waves.

### Adolescent depressive symptoms {#s2c2}

At each adolescent wave, symptoms of depression and anxiety were assessed using the computerised Clinical Interview Schedule-Revised (CIS-R).[@R22] The CIS-R is a structured questionnaire employing ICD-10 criteria,[@R23] designed for assessing symptoms of depression and anxiety in non-clinical populations. This scale generates scores (0--4) on 14 subscales of common psychiatric symptoms associated with depression and anxiety. Total scores were dichotomised at a threshold (score ≥12) to identify symptoms of depression/anxiety where clinical intervention would be appropriate.[@R24] [@R25] During adolescence, we identified those with none, one, and two or more waves of depressive symptoms.

### Adolescent tobacco use {#s2c3}

At each wave, cigarette smoking was assessed with a self-report diary over the previous 7 days and daily smokers were identified as those smoking 6 or 7 days in the previous week. Adolescents who reported smoking daily at any one wave were classified as daily smokers during adolescence.

### Adolescent cannabis use {#s2c4}

At each wave, participants reported their cannabis use during the past 6 months. Individuals reporting weekly or daily cannabis use were classified as weekly+ cannabis users. During adolescence, we identified those with none, one, and two or more waves of weekly+ cannabis use.

### Adolescent parental background factors {#s2c5}

Parental divorce or separation in adolescence (by wave 6) was identified either prospectively or retrospectively if the adolescent was absent at wave 6. Highest level of parental education in adolescence: secondary school not completed; secondary school completed or vocational qualification; university degree. Participants were asked whether their parents drank on: none, most days or every day. They were also asked whether their parents smoked cigarettes: never, occasionally, most days or every day. Variables derived for parental alcohol and tobacco use identified whether either parent drank alcohol or smoked most days or every day during their own adolescence.

### Auxiliary variables {#s2c6}

A selection of variables was included in the imputation model (see Data analysis section) as auxiliary variables, as these were thought to be related to the missingness of the data. From the adolescent waves we included age at wave 2. From the adult waves, we included frequency of drinking, level of drinking, smoking status and cannabis use, and for wave 7 only we included CIS-R. These adult variables had the same definition as the adolescent variables.

Data analysis {#s2d}
-------------

We estimated the prevalence of each type of adolescent drinking behaviour, adolescent and parental background factors, and adult AUDs at each wave by sex. We also estimated the prevalence of adult AUDs at each wave stratified by sex and level of adolescent drinking. Logistic generalised estimating equations (GEEs) were used to investigate the associations between the adolescent drinking variables and the repeated binary measures of AUDs in adulthood. The effect of each adolescent drinking measure was estimated in a separate model. We first estimated the effects of adolescent drinking measure after adjusting for wave and gender. We then further adjusted for all potential confounding factors. All interactions between adolescent drinking behaviour, wave and gender were entered into the model and tested for significance. There was no evidence of interactions between any of these variables and they were not retained in the final models. All effects were tested for statistical significance using the Wald test.

Missing data were assumed to be missing at random and handled using multiple imputation.[@R26] We imputed 20 complete data sets separately for males and females, under a multivariate normal model, incorporating all the analysis and auxiliary variables. Wave 1 was omitted, as it contained observations from only 46% of the cohort. Wave 1 responses were used to fill in wave 2 data for 57 participants who were seen only at wave 1, as the same measures had been collected at the earlier wave. Waves 2--9 were imputed for all participants (N=1943) who completed the survey at least once in adolescence (waves 2--6). The imputation model contained 42 key variables used in the analysis and 14 auxiliary variables. Of 56 variables included in the imputation model, 16% of the variables had \<10% missing values, 48% had ≥10% to \<20% missing and 36% had ≥20% to \<30% missing. A maximum level of drinking variable (coded 0/1/2/3) was created at each wave, with four levels: *no drinking*, *no binge drinking*, *binge drinking* and *heavy binge drinking*. These variables were log transformed before imputation. After imputation, transformed variables were converted back to their original scale and all were categorised for analysis, with adaptive rounding used for binary measures.[@R27] Fifteen deceased participants were excluded from the imputed data sets. Frequencies and ORs were obtained by averaging results across the imputed data sets; inferences under multiple imputation were made using Rubin\'s rules.[@R26] Monte Carlo error estimates were obtained for all estimates presented and confirmed that 20 imputed data sets were sufficient. All data analysis was undertaken using Stata (StatCorp. Stata (release 13 2013). College Station, Texas: Stata Corporation; 2013).

Results {#s3}
=======

The majority of adolescents were not drinking on 3 or more days a week in adolescence; 90% of females and 78% of males ([table 1](#BMJOPEN2015010455TB1){ref-type="table"}). Around 1 in 10 adolescents reported loss of control over drinking at two or more waves. Only 32% of males and 41% of females reported no alcohol use in adolescence. Around twice as many males (28%) reported binge drinking at two or more waves compared to females (14%). Rates of heavy binge drinking at one wave were similar for males and females, around 1 in 10. Eight per cent of males and 5% of females reported heavy binge drinking persistently in adolescence. The adolescent and parental background factors were similar for males and females, with the exception of antisocial behaviour: which had higher rates for males; and depressive symptoms: which had higher rates for females. Higher rates of AUDs (DSM-IV dependence or abuse) were seen for males than for females.

###### 

Summary of adolescent drinking behaviours and background factors, and young adult alcohol use disorders, by gender

  Measure                              Male (n=931)   Female (n=997)                           
  ------------------------------------ -------------- ---------------- ------------ ----- ---- ------------
  *Adolescent drinking patterns*                                                               
  Frequent drinking                                                                            
   None                                729            78               (75 to 81)   897   90   (88 to 92)
   1 wave                              140            15               (12 to 18)   69    7    (5 to 9)
   2+ waves                            62             7                (5 to 8)     31    3    (2 to 4)
  Loss of control over drinking                                                                
   None                                704            76               (73 to 79)   787   79   (76 to 82)
   1 wave                              135            15               (12 to 17)   122   12   (10 to 14)
   2+ waves                            92             10               (8 to 12)    89    9    (7 to 11)
  Binge drinking                                                                               
   None                                299            32               (29 to 35)   409   41   (38 to 44)
   1 wave drinking                     112            12               (10 to 15)   166   17   (14 to 19)
   2+ waves drinking                   82             9                (7 to 11)    109   11   (9 to 13)
   1 wave binge drinking               172            19               (16 to 21)   176   18   (15 to 20)
   2+ waves binge drinking             265            28               (25 to 32)   137   14   (11 to 16)
  Heavy binge drinking                                                                         
   None                                299            32               (29 to 35)   409   41   (38 to 44)
   1 wave drinking                     164            18               (15 to 20)   203   20   (18 to 23)
   2+ waves drinking                   280            30               (27 to 33)   229   23   (20 to 26)
   1 wave heavy binge drinking         111            12               (10 to 14)   107   11   (9 to 13)
   2+ waves heavy binge drinking       76             8                (6 to 10)    48    5    (3 to 6)
  *Adolescent background factors*                                                              
  Daily smoking                        236            25               (22 to 28)   255   26   (23 to 28)
  Weekly+ cannabis use                                                                         
   None                                756            81               (78 to 84)   901   90   (88 to 92)
   1 wave                              82             9                (6 to 11)    36    4    (2 to 5)
   2+ waves                            93             10               (8 to 12)    60    6    (5 to 8)
  Depressive symptoms                                                                          
   None                                661            71               (68 to 74)   450   45   (42 to 48)
   1 wave                              133            14               (12 to 17)   176   18   (15 to 20)
   2+ waves                            138            15               (12 to 17)   371   37   (34 to 40)
  Antisocial behaviour                                                                         
   None                                364            39               (36 to 43)   626   63   (60 to 66)
   1 wave                              192            21               (17 to 24)   151   15   (13 to 18)
   2+ waves                            375            40               (37 to 44)   219   22   (19 to 25)
  *Parental background factors*                                                                
  Daily drinking                       287            31               (28 to 34)   322   32   (29 to 35)
  Daily smoking                        361            39               (35 to 42)   395   40   (37 to 43)
  Divorce/separation                   214            23               (20 to 26)   221   22   (20 to 25)
  Highest level of education                                                                   
   High school not completed           268            29               (26 to 32)   375   38   (34 to 41)
   High school completed               342            37               (33 to 40)   326   33   (30 to 36)
   University degree                   321            34               (31 to 38)   297   30   (27 to 33)
  *Young adult alcohol use disorder*                                                           
  Wave 7 (mean age 20.7 years)         216            23               (20 to 26)   133   13   (11 to 16)
  Wave 8 (mean age 24.1 years)         258            28               (25 to 31)   125   13   (10 to 15)
  Wave 9 (mean age 29.1 years)         180            19               (16 to 22)   82    8    (6 to 10)

[Table 2](#BMJOPEN2015010455TB2){ref-type="table"} estimates the frequency of young adult AUDs stratified by adolescent drinking behaviour, gender and wave. For males, highest rates of AUDs were seen at waves 7 and 8 in those reporting *more than one wave* of frequent drinking, binge drinking, heavy binge drinking and loss of control over drinking. For females, highest rates of AUDs were seen at wave 7 for those reporting *more than one wave* of frequent drinking and loss of control over drinking.

###### 

Summary of adolescent drinking behaviours by young adult alcohol use disorders, gender and wave

  Adolescent measure               Young adult alcohol use disorder                                                                                                        
  -------------------------------- ---------------------------------- ---- ------------ ---- ------------ ---- ------------ ----- ---- ------------ ---- ------------ ---- ------------
  *Adolescent drinking patterns*                                                                                                                                           
  Frequent drinking                                                                                                                                                        
   None                            729                                20   (16 to 23)   24   (21 to 27)   19   (16 to 22)   897   12   (10 to 14)   12   (10 to 14)   7    (6 to 9)
   1 wave                          140                                33   (24 to 42)   38   (29 to 47)   20   (12 to 28)   69    19   (8 to 30)    21   (10 to 32)   12   (2 to 22)
   2+ waves                        62                                 45   (31 to 59)   47   (33 to 61)   20   (7 to 33)    31    44   (25 to 63)   15   (1 to 29)    23   (6 to 40)
  Loss of control over drinking                                                                                                                                            
   None                            704                                19   (16 to 23)   23   (20 to 26)   16   (13 to 19)   787   11   (9 to 13)    11   (8 to 13)    6    (4 to 8)
   1 wave                          135                                29   (19 to 39)   38   (28 to 47)   27   (18 to 37)   122   16   (8 to 23)    16   (9 to 24)    13   (6 to 20)
   2+ waves                        92                                 44   (32 to 57)   48   (36 to 60)   35   (22 to 47)   89    30   (20 to 41)   24   (13 to 35)   20   (10 to 29)
  Binge drinking                                                                                                                                                           
   None                            299                                13   (9 to 18)    15   (11 to 20)   16   (11 to 20)   409   6    (4 to 8)     9    (6 to 12)    6    (3 to 8)
   1 wave drinking                 112                                18   (9 to 27)    23   (14 to 32)   15   (7 to 23)    166   12   (7 to 18)    12   (6 to 18)    8    (3 to 13)
   2+ waves drinking               82                                 17   (6 to 28)    27   (16 to 39)   14   (5 to 23)    109   22   (13 to 31)   16   (8 to 23)    8    (2 to 14)
   1 wave binge drinking           172                                23   (16 to 31)   29   (21 to 36)   22   (15 to 30)   176   19   (12 to 26)   17   (11 to 24)   12   (7 to 18)
   2+ waves binge drinking         265                                39   (32 to 45)   43   (36 to 50)   25   (18 to 32)   137   23   (15 to 31)   15   (8 to 22)    11   (5 to 17)
  Heavy binge drinking                                                                                                                                                     
   None                            299                                13   (9 to 18)    15   (11 to 20)   16   (11 to 20)   409   6    (4 to 8)     9    (6 to 12)    6    (3 to 8)
   1 wave drinking                 164                                17   (10 to 25)   23   (15 to 30)   16   (9 to 22)    203   13   (8 to 18)    13   (7 to 18)    8    (3 to 13)
   2+ waves drinking               280                                24   (18 to 30)   31   (25 to 37)   20   (15 to 26)   229   24   (18 to 30)   17   (12 to 22)   9    (5 to 13)
   1 wave binge drinking           111                                39   (28 to 50)   42   (30 to 54)   25   (14 to 35)   107   16   (8 to 25)    18   (9 to 26)    13   (6 to 20)
   2+ waves binge drinking         76                                 50   (37 to 63)   53   (41 to 66)   30   (18 to 43)   48    23   (11 to 36)   10   (0 to 20)    18   (6 to 30)

[Table 3](#BMJOPEN2015010455TB3){ref-type="table"} presents estimates of association between young adult AUD and adolescent measures of frequent drinking and loss of control over drinking. After adjustment for sex, wave and adolescent and parental background factors, there is no statistical evidence of an association between frequent drinking and AUDs. After adjustment, those who reported loss of control over drinking at one wave (OR 1.4, 95% CI 1.1 to 1.8) and two or more waves (OR 1.9, 95% CI 1.4 to 2.7) had increased odds of AUD compared to those who did not report loss of control over drinking at any wave.

###### 

Predictors of young adult alcohol use disorder: adolescent frequency of drinking and loss of control over drinking

  Measures                                         Unadjusted model   Adjusted model\*                                      
  ------------------------------------------------ ------------------ ------------------ ---------- ------ ---------------- ----------
  *Frequent drinking in adolescence*                                                                                        
  Drinking pattern                                                                       \<0.001†                           0.13†
   None                                            1                                                1                       
   1 wave                                          1.7                (1.3 to 2.2)                  1.2    (0.89 to 1.6)    
   2+ waves                                        2.6                (1.8 to 3.6)                  1.4    (0.98 to 2.0)    
  Wave                                                                                   \<0.001†                           \<0.001†
   Wave 7 (mean age 20.7 years)                    1                                                1                       
   Wave 8 (mean age 24.1 years)                    1.1                (0.96 to 1.3)                 1.1    (0.96 to 1.3)    
   Wave 9 (mean age 29.1 years)                    0.70               (0.57 to 0.85)                0.69   (0.56 to 0.85)   
  Gender                                                                                                                    
   Female                                          1                                                1                       
   Male                                            2.2                (1.8 to 2.6)       \<0.001    2.2    (1.8 to 2.6)     \<0.001
  *Loss of control over drinking in adolescence*                                                                            
  Drinking pattern                                                                       \<0.001†                           \<0.001†
   None                                            1                                                1                       
   1 wave                                          1.8                (1.4 to 2.4)                  1.4    (1.1 to 1.8)     
   2+ waves                                        3.1                (2.4 to 4.2)                  1.9    (1.4 to 2.7)     
  Wave                                                                                   \<0.001†                           \<0.001†
   Wave 7 (mean age 20.7 years)                    1                                                1                       
   Wave 8 (mean age 24.1 years)                    1.1                (0.96 to 1.3)                 1.1    (0.96 to 1.3)    
   Wave 9 (mean age 29.1 years)                    0.70               (0.57 to 0.85)                0.69   (0.56 to 0.85)   
  Gender                                                                                                                    
   Female                                          1                                                1                       
   Male                                            2.4                (2.0 to 2.8)       \<0.001    2.2    (1.8 to 2.7)     \<0.001

\*Adjusted for adolescent daily smoking, weekly+ cannabis use, depressive symptoms and antisocial behaviour, and parental daily drinking, daily smoking, divorce/separation and level of education.

†p Value from joint test of significance.

[Table 4](#BMJOPEN2015010455TB4){ref-type="table"} presents estimates of association between young adult AUDs and adolescent binge drinking and heavy binge drinking. After adjustment, there was an increase in the odds of AUD in those reporting drinking below binge levels on two or more occasions (OR 1.5, 95% CI 1.1 to 2.1), binge drinking on one occasion (OR 1.7, 95% CI 1.3 to 2.3) and binge drinking on two or more occasions (OR 2.0, 95% CI 1.5 to 2.6) compared to those who reported drinking below binge levels at only one wave. Similar associations were observed between heavy binge drinking and AUD after adjustment.

###### 

Predictors of young adult alcohol use disorder: adolescent binge and heavy binge drinking

  Measure                                 Unadjusted model   Adjusted model\*                                      
  --------------------------------------- ------------------ ------------------ ---------- ------ ---------------- ----------
  *Binge drinking in adolescence*                                                                                  
  Drinking pattern                                                              \<0.001†                           \<0.001†
   None                                   1.5                (1.0 to 2.1)                  1.3    (0.93 to 1.9)    
   1 wave drinking                        1                                                1                       
   2+ waves drinking                      1.8                (1.3 to 2.6)                  1.5    (1.1 to 2.1)     
   1 wave binge drinking                  2.2                (1.6 to 3.0)                  1.7    (1.3 to 2.3)     
   2+ waves binge drinking                3.2                (2.5 to 4.0)                  2.0    (1.5 to 2.6)     
  Wave                                                                          \<0.001†                           \<0.001†
   Wave 7 (mean age 20.7 years)           1                                                1                       
   Wave 8 (mean age 24.1 years)           1.1                (0.96 to 1.3)                 1.1    (0.96 to 1.3)    
   Wave 9 (mean age 29.1 years)           0.70               (0.57 to 0.85)                0.69   (0.56 to 0.85)   
  Gender                                                                                                           
   Female                                 1                                                1                       
   Male                                   2.1                (1.7 to 2.5)       \<0.001    2.1    (1.7 to 2.6)     \<0.001
  *Heavy binge drinking in adolescence*                                                                            
  Drinking pattern                                                              \<0.001†                           \<0.001†
   None                                   1.5                (1.1 to 2.0)                  1.3    (0.96 to 1.8)    
   1 wave drinking                        1                                                1                       
   2+ waves drinking                      2.2                (1.7 to 2.8)                  1.7    (1.3 to 2.2)     
   1 wave binge drinking                  2.9                (2.1 to 4.0)                  2.0    (1.4 to 2.8)     
   2+ waves binge drinking                4.1                (2.9 to 5.8)                  2.3    (1.6 to 3.4)     
  Wave                                                                          \<0.001†                           \<0.001†
   Wave 7 (mean age 20.7 years)           1                                                1                       
   Wave 8 (mean age 24.1 years)           1.1                (0.96 to 1.3)                 1.1    (0.96 to 1.3)    
   Wave 9 (mean age 29.1 years)           0.69               (0.57 to 0.85)                0.69   (0.56 to 0.85)   
  Gender                                                                                                           
   Female                                 1                                                1                       
   Male                                   2.2                (1.8 to 2.6)       \<0.001    2.2    (1.8 to 2.7)     \<0.001

\*Adjusted for adolescent daily smoking, weekly+ cannabis use, depressive symptoms and antisocial behaviour, and parental daily drinking, daily smoking, divorce/separation and level of education.

†p Value from joint test of significance.

Discussion {#s4}
==========

AUDs increased across early adulthood (21--24 years) before declining in the late 20s (29 years), with cases consistently higher in males than in females. Episodes of loss of control over drinking, binge drinking and heavy binge drinking in teenage females and males were common (21% and 25%, 32% and 47%, 16% and 20%, for females and males, respectively) and associated with significant risk for AUDs well into young adulthood. While we found that the risk of AUD in young adulthood was higher for males than for females, we found no statistical evidence that the associations between teenage drinking behaviour and AUD differed for males and females.

There are a number of explanations for our findings, not all of which imply causal relationships. For example, loss of control while drinking in adolescence (as defined in this analysis) may simply be preclinical features of later dependence that aggregate across the adolescent period into a diagnostic syndrome in young adulthood. In this way, binge drinking may not be causal but simply a characteristic of the early course of AUDs, with continuities in peer and/or family binge drinking culture playing an important role in maintaining teen drinking patterns into young adulthood. Broader social drivers that determine alcohol availability and acceptability of alcohol use may likewise drive continuity in drinking behaviours.[@R5] [@R28]

It is, however, also possible that early loss of control over drinking does have fundamental consequences. Imaging studies have now catalogued a broad range of neurodevelopmental effects of alcohol intake during the teenage years.[@R29] Recent studies have shown that acute episodes of alcohol intake during adolescence is linked with alcohol-related neurotoxicity in cortical brain regions relevant to frontoparietotemporal networks.[@R30] Long-term effects consistent with these findings are also being reported. For example, recent results from a 37-year follow-up of young men (mean age 18 years) conscripted to the Swedish military in 1969 show substantial elevations in risk of pre-senile dementia in those reporting earlier alcohol intoxication.

Furthermore, repeated high-dose alcohol exposures followed by abstinence can kindle (or sensitise) receptors in the central nervous system---γ-aminobutyric acid (GABA~A~) and *N*-methyl-d-aspartate (NMDA)---that control excitability, neural plasticity and memory.[@R31] The consequences of kindling, particularly in adolescence, may be more intense withdrawal symptoms that perpetuate alcohol use potentially leading to more complex and severe alcohol use problems. Of particular concern, our results show that loss of control drinking in a single session in adolescence may induce other effects.

A significant strength of this study is the high frequency of observations during the adolescent and young adult period. In a repeated measures design with this frequency of observations, bias due to recall errors or motivational revision of past behaviour is minimised. Such gains in accuracy substantially enhance study precision in characterising progression of alcohol use over time, particularly in those with early onset of alcohol use.[@R32] High retention rates within the VAHCS sample also minimise differential attrition in those involved in risky behaviours.[@R33] However, self-report measures may have led to possible under-reporting of some behaviours,[@R34] leading to conservative estimates of risk. To minimise this possibility, participants were assured of confidentiality without consequence for disclosure. Furthermore, the 1-week reference period for reporting alcohol use will not necessarily capture the full extent of drinking in this age group. This means that estimates provided are likely to be conservative in some cases. Finally, non-response is often associated with more extreme behaviours, such as alcohol and drug use, and can introduce bias in estimates of association. In this paper, we correct for this by imputing missing data, using methods of multiple imputation.

Findings from this study suggest that teens who report loss of control and binge drinking behaviours are at higher risk of developing serious alcohol problems in adulthood than those who do not binge drink. Effective intervention in adolescence should be targeted at multiple levels. The public health response should be on prevention or delay of the onset of drinking. There is also an important need to create a different culture around alcohol use that addresses high rates of binge drinking behaviour. The importance of the drinking culture has long been recognised, particularly in young people.[@R35] New approaches that use social marketing strategies to reframe the youth drinking culture are showing promise and gaining greater prominence in the prevention arena;[@R36] however, not all strategies deliver equally[@R37] and there is more work to be done refining these approaches. Beyond universal approaches, there will continue to be a small group of teens who progress to very high-risk alcohol use behaviour defined by loss of control drinking (including the need for hospitalisation). For this high-risk group, clinical interventions may be necessary.[@R38] Further research on drivers of the epidemiological associations we report, and their neurobiological and health consequences, is needed to more greatly enhance targeting of high-risk groups of young people and to ensure the most effective alignment of prevention activities and resources.
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